Nanosuspension based on melt-quenched arsenic sulde of nominal As55S45 composition was prepared by nanomilling and tested as potential anticancer drug. Polyvinylpyrrolidone was used as steric stabilizer and inhibitor of agglomeration. Individual nanoparticles had average size of 192 nm (determined by photon cross-correlation spectroscopy) and had several times better dissolution ability in comparison with bulk As55S45. Eect of nanomilling is shown to be associated with formation of arsenic sulde crystalline nanoparticles and free-volume entities located at the interface between nanoparticles and surrounding matrix as it follows from positron annihilation measurements. Cytotoxicity tests were performed using human melanoma cell line Bowes and conrmed high toxicity of the studied nanosuspension.
Introduction
Arsenic compounds in the form of dierent available minerals, such as orpiment As 2 S 3 , realgar As 4 S 4 or arsenolite As 2 O 3 , have a long history in dierent eld of applications and their usage goes back to the ancient times [1] . They have been utilized for a long time in cosmetics, foods, glass, insecticides, pigments, and in medicine as well.
Approximately 60 dierent arsenic preparations have been developed and used during the history [2] . Among arsenic suldes, realgar and orpiment seem to be very eective in cancer treatment [35] .
However, it is well known that the solubility of arsenic suldes in water is extremely low. Poorly water-soluble drugs pose a great challenge in drug formulation development. Preparation of nanosuspensions seems to be appropriate solution. Nanosuspension is a sub-micron colloidal dispersion of particles which are stabilized by surfactants, polymers, or mixture of both [6] . Wet milling technique is one of the eective approaches to obtain such nanosuspensions [7] . During milling process, the particles break into smaller ones, and thus fresh surfaces are continuously generated [8] .
In this work, the nanosuspension of melt-quenched arsenic sulde of nominal As 55 S 45 composition was prepared in a circulation mill in polyvinylpyrrolidone (PVP) and its properties, particle size distribution, dissolution and cytotoxicity eects were studied.
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Materials and methods
The arsenic sulde alloy of As 55 S 45 composition was synthesized from elemental constituents, additionally puried with distillation (no worse than three nines) in evacuated (2×10 −5 Pa) and sealed fused quartz ampoules [9] .
The melt was kept at ≈ 1150 K and then quenched to room temperature in a slow furnace-o regime.
Crystalline state of the prepared alloy was controlled by X-ray diraction (XRD) with Cu K α1 radiation arranged in the optimized transmittance geometry in 2θ−step regime using automatic STOE STADI P diractometer (STOE & Cie GmbH) supplied by linear position-precision detector. The XRD peak proles were rened using WinPLOTR software, phase analysis being performed with the Rietveld renement.
The nanosuspension was prepared in a laboratory circulation mill MiniCer (Netzsch). The 5 g of As 55 S 45 alloy was milled in 300 mL of 0.5% PVP solution at 4000 rpm for 2 h. The mill was loaded to 85% with 0.6 mm ZrO 2 milling balls. Positron trapping modes (mean τ av and defect-free bulk τ b positron lifetimes, and positron trapping rate in defect τ d ) were parameterized in respect of known formalism of two-state positron trapping model [10] . Radius R of freevolume holes responsible for o-Ps decaying was calculated like in polymers using TaoEldrup equation [10] .
The particle size distribution was measured by photon cross-correlation spectroscopy using a Nanophox particle sizer (Sympatec).
The conditions for dissolution tests were accepted from [11] . The XRD analysis ( Fig. 1 ) of the prepared alloy conrmed a mixture of three crystalline phases with remaining glassy-like material. Three dierent phases were detected, the room temperature dimorphite As 4 S 3 modication (45%, space group P nma), the high temperature dimorphite As 4 S 3 modication of the same space group P nma (22%), and the high temperature modication of β-realgar As 4 S 4 (33%, space group C2/c). Low degree of crystallinity does not exclude small amount of amorphous phase present in the prepared alloy.
Nanomilling
Five grams of the as-received powder of As 55 S 45 alloy sample were subjected to the circulation milling process in 0.5% PVP aqueous solution. After 2 h of milling, the nanosuspension was ltered through 0.22 µm sterile lter. Both the liquid and the solid phases were used for further investigations. 
PALS
Raw PAL spectra of pure PVP and As 55 S 45 PVP are shown in Fig. 3 , numerical characteristics of the crresponding trapping modes being gathered in Table I . 
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[ns] Since expected channels of positron annihilation (freevolume sub-nanometer voids) in such structurally complicated composites with embedded nanoparticles are modied with a necessity by all possible components (including PVP remainders, nanocrystalline particles, amorphous intergrain inclusions and grain boundaries, etc.), the PAL data for pure PVP were also given in Table I for comparison. These spectra for pure PVP and As 55 S 45 PVP were decomposed into three components under xed contribution from source (decomposition procedure 1).
We showed also the results of PAL spectra deconvolution in As 55 S 45 PVP corrected with additional input from pure PVP (decomposition procedure 2). In this case, the o-Ps decaying is enormously distorted by over-estimated input from PVP sub-system (tending I 3 intensity towards 0), but positron trapping modes as aected directly by sites appearing due to nanoparticles themselves are rened better.
Strong inuence of o-Ps decaying modes due to PVP inclusions in nanocomposite samples is really essential due to the character value of long-lived lifetime τ 3 ≈ 1.9 ns and high corresponding intensity I 3 ≈ 12% proper to this polymer. Formation of o-Ps is strongly inhibited by presence of arsenic sulphide nanoparticles as it follows from the drastic decrease in I 3 value to 2.7%
in As 55 S 45 PVP. This dierence is evident from even visual inspection of both spectra in Fig. 3 . 
Dissolution
The low solubility of arsenic suldes is well-known and intensication factors to avoid this shortcoming are evidently needed. The dissolution of the solid phase of the as-received and milled As 55 S 45 samples in a simulated gastric (SGF) and intestinal uid (SIF) was tested (pH = 1.3 and 6.5, respectively). In the as-received sample, the amount of dissolved arsenic after 240 min of leaching in SGF + SIF was only 0.4%. On the other hand, nanonization in circulation mill leads to sharp increase in As dissolution up to 10% (Fig. 4) . Nanoparticles possess an increased dissolution rate due to their large surface-tovolume ratio, but also show an increased saturation solubility [15] . Moreover, the observed increase in the reactivity correlate well with detection of additional positron trapping sites related to nanoparticlePVP interface as it follows from PAL experiments above.
Biological activity
The biological activity of the prepared nanosuspension having the particle size distribution given in Fig. 5a was tested. This study was mainly designed to determine whether As 55 S 45 nanosuspension induces cytotoxicity. As the example, the Bowes human melanoma cell line was selected. The results (Table II) The half maximal inhibitory concentration or IC 50 value was depicted in Fig. 5b . In this case, it is a concentration of arsenic at which 50% of cancer cell population is inhibited. When compared IC 50 curves for ATO and
As 55 S 45 , it can be seen that the prepared arsenic sulde compound is more toxic, because cancer cells are inhibited at lower arsenic concentrations. Moreover, the decrease of IC 50 value with the time of incubation for
As 55 S 45 has linear character.
Conclusions
In this work, the arsenic sulde As 55 S 45 nanosuspension was prepared by nanomilling. This process is accompanied by reconstruction of the existing free-volume voids trapping positrons as it follows from PAL study.
The dissolution percentage of arsenic from the prepared sample increased from 0.4% to 10%. The detected anticancer eect on Bowes human melanoma cell line conrmed the high toxicity of the studied material. To our best of knowledge no previous works have been reported on anticancer eect of As 55 S 45 compound.
